Abstract: The distribution of vascular plants in Ulleungdo Island and nearby islands (Gwaneumdo and Jukdo) located in Ulleung-gun area, Gyeongsangbuk-do. On-site investigation was conducted twice on June and September, 2012, investigating total 99 families, 304 genera and 508 taxa. This study also arranged already-secured specimens of the Korea National Arboretum (KH) , organizing 106 families, 362 genera and 646 taxa. As a result, total 108 families, 375 genera and 685 taxa of vascular plants were organized in the investigation area. In detail, this study confirmed 30 taxa of endemic plants including Sambucus sieboldiana var. pendula, Silene takeshimensis, and Corydalis filistipes, 41 taxa of rare plants including Arisaema takesimense, Dendranthema zawadskii var. lucidum, and Tripterospermum japonicum, 4 taxa of special plants of forest protection designated by the Korea Forest Service including Abelia coreana var. insularis, Fagus engleriana. Besides, specific plants designated by the Ministry of Environment were 121 taxa, and naturalized plants were 89 taxa.
Introduction
Ulleung-gun is the area composed of only islands in the East Coast of Korea. Total 44 islands are in this area, and among them, Ulleungdo, Dokdo, Jukdo and Gwaneumdo are inhabited islands with the other large and small rocky islands. Geographically, it is located between 130 14' north latitude, and the shortest distance to Jukbyeon-myeon, Uljingun inland is 130.3 km. It has a maritime climate, mild and highly humid climate. Annual average temperature is 12.5 o C for 8 years (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , daily temperature difference is 2.0 o C, quite low compared with that inland areas, annual average wind speed is 3.2 m/s, having quite strong wind, precipitation is 1,161 mm/year, rather low compared with the annual precipitation of Korea, and relative humidity is rather high, 72.5% (Lee and Kim, 2007) . As for floristic region, it belongs to Ulleungdo subregion (Lee and Yim, 2002) , and it is a biologically important area having unique vegetation and diversity with temperate plants and warmtemperate plants.
In Ulleungdo Island, the investigation area, Seonginbong (alt. 984 m) is located at the center of the island, surrounded by Mireuksan (alt. 901 m), Maljandeung (alt. 968 m), Gandusan (alt. 967 m) and Cheondusan (alt. 961 m) along the ridge. Nari Basin, the only flatland is located at the foot of Seonginbong, and the other areas are mostly high rocky areas, hard to access to those areas except residential area. Gwaneumdo area is connected to Ulleungdo through a suspension bridge newly completed recently, and has a trail. And it has a trace of human's intervention before, but it is currently uninhabited, under restoration project of major species of Ulleungdo. Jukdo is an inhabited island, which has trails attracting lots of visitors as well as farmland and private houses at the center of the island.
As for the studies on the distribution of plants in Ulleung-gun area, according to Lee and Yang (1981) , Okamoto first collected plants of Ulleungdo in 1902, and Ishidoya reported 40 families and 79 species of trees and plants in 1917 . Also, in the initial stages, Japanese people such as Nakai (1919) arranged many investigations, but after that, Korean researchers continuously conduct studies on the distribution of plants, and they come to use more detailed methods based on accurate basis (Yang, 1956; Lee and Joo, 1957; Choi, 1973; Lee and Yang, 1981; Shin et al., 1996; Kim et al., 2000; Shin and Kim, 2002; Kil et al., 2006; Kim, 2007; Park et al., 2007; Yang, 2010; Korea National Arboretum, 2011; Shin et al., 2011a; Shin et al., 2011b) . As interest in bio-diversity has been raised internationally, the study aims to discuss bio-diversity and specificity in Ulleung-gun area which is important as for plant distribution. In addition, the study was conducted in order to supplement existing studies on plant distribution, to accumulate data and to promote existing reference.
Materials and Methods
In order to figure out flora in Ulleung-gun area, the study conducted on-site investigation on June and September, 2012 targeting Ulleungdo, Gwaneumdo and Jukdo which seem to be easy to access and to have diverse vegetation (Fig. 1, Table 1 ). Also, the study organized specimens which the Division of Forest Biodiversity and Herbarium of the Korea National Arboretum (KH) possesses and included to this study result. In order to ensure the accuracy of the result when conducting on-site investigation, only specimens having generative organs such as a flower, fruit and a spore were collected in principle, and in case that a specimen was immature or had no generative organs, only ones having accurate a name and taxon were recorded. Collected plants were made into a dry specimen or liquidimmersed specimen, and were stored in KH. Decision of taxa was arranged by using pictorial books of Lee (1980 Lee ( , 2003 , Park (1995 Park ( , 2001 Park ( , 2009 and Lee (1996a Lee ( , 1996b , and the study referred to the Ministry of Environment and National Institute of Environmental Research (2006) for specific plants, Oh et al. (2005) for endemic plants, the Korea Forest Service (2012) for special plants of forest protection and Korea National Arboretum (2008) for rare plants.
Results

Flora Investigation
Total 108 families, 375 genera and 685 taxa of vascular plants in Ulleungdo, Gwaneumdo and Jukdo were organized including 99 families, 304 genera and 508 taxa in the onsite investigation and 106 families, 362 genera and 646 taxa from the already-secured specimens (Appendix). The study figured out 13 families, 26 genera and 64 taxa of pteridophyta, 4 families, 7 genera and 9 taxa of gymnosperm, 82 families, 280 genera and 486 taxa of dicotyledon and 9 families, 62 genera and 126 taxa of monocotyledon as for angiosperm (Table 2) . Total 108 families, 375 genera and 682 taxa of vascular plants were found in Ulleungdo area. It was shown that Artemisia japonica subsp. littoricola mostly dominated coast vegetation with some of Aster sphathulifolius, Lysimachia mauritiana, Peucedanum japonicum and Cyrtomium falcatum. In some coastal areas, several problems were figured out such as destruction of natural vegetation due to road construction and etc. As for forest vegetation, mixed stand forest was dominant in the upper areas around Seonginbong, but dominance value of Fagus engleriana, tree stratum was generally high, and there were also Acer pictum subsp. mono, A. takesimense and Tilia insularis. As for herbaceous layer, cover rate of Arachniodes standishii was the highest, and Hepatica maxima and Adenocaulon himalaicum were distributed. The middle and lower areas of mountains were mainly composed of mixed stand forest having various kinds of evergreen broad-leaved trees, deciduous broadleaved trees and coniferous trees, and the herbaceous layer also had high level of diversity. Gwaneumdo area is surrounded by high shore cliff, and as a result of the investigation, it has 38 families, 66 genera and 80 taxa. Machilus thunbergii and Camellia japonica, evergreen broad-leaved trees dominated most areas, and it showed no specificity in plant distribution compared with Ulleungdo area. 42 families, 79 genera and 95 taxa of vascular plants were found in Jukdo area, showing similar plant distribution aspects with Gwaneumdo area. The center of Jukdo is mainly used as a farmland or ranch, and there was lots of artificial intervention due to development of trails at the edge of the area. It was shown that most natural vegetation was arranged along the shore cliff (Table 3) . Yang (1956) , Lee and Joo (1957) and Hong et al. (2002) recorded about 40 taxa as an endemic plant distributed in Ulleungdo. This study figured out 30 taxa of endemic plants including Athyrium acutipinnulum, Silene takeshimensis, Hepatica maxima and Corydalis filistipes except planted species, accounting for 4.4% of total investigated taxa ( Fig.  2 , Table 4 ). As for Bupleurum latissimum, as many researchers including Ahn and Lee (2007) and Kang and Kim (2010) conducted a study on the distribution and the plan for preservation, and the Ministry of Environment and the Korea National Arboretum arranges projects for preserving and restoring natural growth areas targeting currentlyknown areas, the species will be maintained safely in the future. This study figured out its distribution in Taeha-ri and Namyang-ri which seems to be an additional growth area except those mentioned in the precedent studies. In those two areas, individual number is around 20 growing in the forest areas or around farmland, and especially, it is judged that as the degree of closure of forest trees is high in forest areas, decline of the amount of light may cause a problem. The study figured out that Scrophularia takesimensis distributed sporadically along the coastal area, and the number of individual was not much. Its growth areas are mainly around roads or the coastal areas, so it is judged that human's activity would influence on the growth of this species. According to Kim and Kang (2010) , S. takesimensis distributes over several areas, but it shows inferiority in the competition with other plants in the natural vegetation, and they also predict that artificial factors due to local development would cause problems. Besides, most species are shown to live only in Ulleung-gun areas, showing unique biodiversity due to geographical isolation.
Rare Plant
Total 41 taxa of rare plants designated by the Korea Forest Service were found (Fig. 3 , Table 5 ). Among them, critically endangered species (CR) were 8 taxa including Selaginella sibirica, Cotoneaster wilsonii and Abelia coreana var. insularis. Besides, 8 taxa of endangered species (EN) including Lathraea japonica, Dendranthema zawadskii var. lucidum and Gymnadenia camtschatica, 13 taxa of vulnerable species (VU) including Polypodium vulgare, Tripterospermum japonicum, Trillium tschonoskii, and 12 taxa of least concerned species (LC) including Crypsinus hastatus, Tsuga sieboldii, Tiarella polyphylla were figured out. As for a major plant, Cotoneaster wilsonii and Abelia coreana var. insularis were found in Dodong area, but the number of plant was not many. In Tonggumi and Namyang area which is the natural growth area of Cotoneaster wilsonii additionally reported by Shin et al. (2003) , smallsized population grows in desolate areas, showing that the general number of individual is not many. Accordingly, once mentioned that ex situ conservation would be necessary. As most rare plants have limited distribution in Ulleungdo area like endemic plants, they would be managed with special interest.
Specific Plant
Among specific plants designated by the Ministry of Environment about important species on the floristics, 21 taxa belonging to V degree were figured out including Lilium hansonii, Dendranthema makinoi and Wasabia japonica. 25 taxa including Carex blepharicarpa var. stenocarpa, Poa takeshimana and Dystaenia takesimana belong to IV degree, and 26 taxa including Farfugium japonicum, Rhododendron brachycarpum and Viburnum furcatum belong to III degree (Fig. 4 , Table 6 ). Besides, 9 taxa and 40 taxa belong to II and I degree respectively. As for a major plant, Wasabia japonica was found in Nari Basin. In this area, it seems that the natural growth area decreases due to Adenocaulon himalaicum or other species, but it is reported that some individuals continue to grow in areas mentioned by Shin and Kim (2002) , and there are some cases of restoration in some areas. However, there is still a dispute on whether they grow naturally or not (Shin and Kim, 2008) . Festuca rubra is a species distributing in the northern area of inland, and distributes widely along the shore cliff and rock face of the lower part of mountains in Ulleungdo. Confirmed specific plants are 121 taxa, accounting for 17.7% of total plants investigated in this study. Considering that 72 taxa belong to III degree or higher with high importance, it was shown that considerable amount of major species on the chorology distribute in these areas. Like this, higher frequency of appearance of species distributing in limited areas has a very important meaning on the chorology, and it reflects the characteristics of unique plant distribution in Ulleung-gun area. 
Naturalized Plant
Total 89 taxa of naturalized plants were figured out, accounting for 12.9% of total taxa, and the figure is 27.7% of 321 species of domestically naturalized plants announced by Lee et al. (2011) , quite a high level. Among investigated naturalized plants, Compositae and Gramineae showed high appearance ratio up to 44.9% with 20 taxa respectively, followed by Leguminosae (10 taxa) and Polygonaceae (6 taxa) (Fig. 5 , Table 7 ). Naturalized plants which appeared in all of 3 areas are 4 taxa including Chenopodium album, Yoo et al. (1998a, b) reported that groups distributing in Ulleungdo has difference from groups distributing inland, and Choi et al. (2004) considered it as an independent species based on morphological characteristics such as the shape and size of a leaf blade, and color and size of a sheath and the floral envelope. After that, a molecular phylogenetic study based on ITS base sequence supported that groups between two areas are different species (Choi, 2009) . A. ochotense widely distributed around Seonginbong, Ulleungdo, and is sometimes cultivated as a local specialty.
2) Artemisia capillaris Thunb. As for A. capillaris and A. japonica subsp. littoricola of genus Artemisia which distribute in the coastal area of 
pilus on the leaf, less sticky than A. sphathulifolius, has more serra on the leaf, has longer involucre and has more hair on the tube of a lingulate flower and a tubular flower, easy to distinguish it from A. sphathulifolius on the external morphology and molecular phylogeny. However, as there are some parts which cannot suggest quantitative traits clearly on the external morphology, it is judged that it would be necessary to conduct more detailed comparative study in the future.
5) Physocarpus insularis (Nakai) Nakai P. insularis is a species reported as a new species by Nakai (1918 Nakai ( , 1952 , and is currently designated as an endemic plant and a rare plant. However, Kim et al. (2000) recognized it as the same one with Spiraea chamaedryfolia growing inland based on the characteristics of the bark, shape of a wax gourd, shape of leaf, a stamen of a flower, an ovary, follicle and distribution of hair of Physocarpus insularis (Nakai) Nakai. This divides the two plants only based on the external morphology, and it is judged that it would be necessary to figure out accurate nature through general tests.
Discussion
By conducting on-site investigation in 2012 and by organizing specimens secured in the Division of Forest Biodiversity and Herbarium of the Korea National Arboretum (KH), this study figured out total 108 families, 375 genera and 685 taxa of vascular plants in Ulleungdo and nearby Island regions (Gwaneumdo and Jukdo). This study was a complementary investigation on the plant distribution in Ulleungdo area, so it has some difficulties to show changes of plants by comparing with existing precedent studies. However, it has a great meaning in that it promotes existing reference and secures practical information on distribution areas of taxa through specimens. Until now, precedent studies have mostly focused on the investigation in the flora in Ulleungdo area, and various studies have been conducted. Among them, the study organized reference which is judged to include evident specimens or to conduct precise investigation (Table 8 ) and arranged total 131 families, 519 genera and 1140 taxa. Some reference causes some problems such as wrong recognition or wrong record of plants, but the study also listed and recorded those problems (Appendix). For example, it recorded taxa which required additional discussion on the taxonomy or has distribution in doubt separately in the whole list, and makes it utilized as the basis for correcting errors which may be caused in the plant distribution study in the future. Ulleungdo area has different climatic environment from inland area at the same latitude, and is isolated geographically, having unique plant distribution and independent evolution tendency. Due to this, it forms unique plant assemblage and shows diversity. It would be necessary to continuously conduct various studies and to prepare safety plans about how to preserve and manage this area in the future. As for this, Kim et al. (2000) suggested that specimen collection and studies on the flora should be conducted constantly. As a part of that plan, a project to preserve, manage and restore major species is in progress currently, but the fundamental plan is to maintain and manage the natural growth area as it is. In addition, it would be necessary to prepare a thorough safety plan against inflow of naturalized plants which may cause disturbance to native plants. 
